Eight forages (alfalfa, birdsfoot trefoil, red clover, bromegrass, orchardgrass, perennial ryegrass, quackgrass, and timothy) at three maturities were evaluated for ruminal DM, CP, and NDF degradation kinetics. Duplicate dacron bags were incubated for 0, 3, 6, 10, 13, 25, 48, and 72 h in two late lactation Holstein cows fitted with ruminal cannulas over eight experimental periods. Species and maturity effects were observed for soluble, slow, and undegraded fractions; degradation rate; and ruminally degradable DM, CP, and NDF. Significant species by maturity interactions also were evident for fractions and ruminal degradabilities of DM, CP, and NDF. Legumes exhibited more extensive ruminal DM degradation than did grasses. No clear trends were evident in rate of ruminal CP degradation between legumes and grasses. Mature grasses were lowest in ruminally degradable CP. Legumes exhibited a higher undegraded fraction and faster degradation rate of slowly degraded NDF fractions, resulting in similar ruminally degraded NDF for legumes and grasses. Extensive differences in ruminal degradation kinetics existed between perennial legume and grass species and maturities. Species by maturity interactions were diverse, making categorization of degradation characteristics of legumes and grasses difficult. Abbreviation key: ALF = alfalfa, BFT = birdsfoot trefoil, BRM = bromegrass, OCH = orchardgrass, PRG = perennial ryegrass, QCK = quackgrass, RCL = red clover, RD = ruminally degradable, RU = ruminally undegradable, TIM = timothy.
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INTRODUCTION
In the north central United States, perennial legumes and grasses are the primary forage fed to dairy cattle. The CP and ruminally undegradable (RU) CP content of these forages is used in formulation of rations (14) . The CP content of perennial forages is well defined and easily measurable, but RU CP fractions are poorly defined and difficult to estimate (15, 20) . Consequently, formulation of dairy cattle diets for RU CP is difficult because the range of forage RU CP is relatively unknown (14) , but forage may supply up to one-third of dietary RU CP.
Many factors influence the ruminal degradability of forage CP content. Factors such as stage of maturity (26), forage species (5, 16), and preservation method (18, 28) affect forage RU CP content. Evaluation of forage ruminal CP degradation kinetics by in situ methods (5, 16, 26, 28) has not focused on interactions between factors that affect forage RU CP. As a result, these investigations (5, 16, 26, 28) were limited to defining narrow ranges of forage RU CP content. In situ evaluations may be more useful for defining ranges of forage RU CP content if specific interactions, such as forage species, stage of maturity, and preservation method, were evaluated simultaneously.
Current NRC (14) recommendations suggest a minimum dietary NDF allowance and assume similar NDF digestion characteristics from all sources. This assumption likely is in error; Varga and Hoover (30) observed that forage species differ in their rate of ruminal NDF degradation. Cherney et al. (2) also demonstrated that stage of maturity affects rate of ruminal NDF degradation. As for forage RU CP, the magnitude of the range of forage NDF degradation is difficult to assess because investigations of species by maturity interactions are limited.
The objective of this study was to evaluate the ruminal DM, CP. and NDF degradation kinetics of perennial legumes and grasses at different stages of maturity.
MATERIALS AND METHODS

Forage Production and Harvest
In August 1989, three replicate plots (3 x 10 m) were seeded to alfalfa (Medicago sativa (QCK) also were included as experimental forage. In April 1990, grass species were fertilized with 56 kgha of N. No P and K fertilizer was supplied to test plots because soil test concentrations were extremely high at planting (P >50 ppm; K >200 ppm).
Experimental forages were harvested at three stages of maturity. The ALF and RCL were harvested at stages 2, 4, and 6, as described by Kalu and Fick (7) and Ohlsson and Wedin (17), respectively. Because no phenological classification system was available for BFT, maturities were assigned as follows: mahity 1 = 15 to 20 cm in height, maturity 2 = first visible flowers, and maturity 3 = mainly flowers with few buds. General descriptive maturity classifications of legumes were as follows: maturity 1 = late vegetative, maturity 2 = late bud, and maturity 3 = midbloom.
Comparatively, grasses were harvested at stages 32, 45, and 58, as described by Simon and Park (24). General descriptive maturity classifications of grasses were as follows: maturity 1 = second node, maturity 2 = boot, and maturity 3 = full inflorescence.
Fresh herbage samples, weighing approximately 1 kg, were harvested from each replicate, species, and maturity. After harvest, samples were hand-sorted to remove undesired species and dried in a 55'C forced-air oven for 48 h. After drying, 150 g from each replicate were ground through a 2-mm screen in a Wiley mill (Arthur H. Thomas, Philadelphia, PA). Replicates then were composited, thoroughly mixed for.each forage species at each stage of maturity, and stored for subsequent in situ evaluations.
In Situ Degradation Procedures
In situ evaluation of each forage species at each stage of maturity was conducted over eight 3-d periods. One forage species, at all three maturities, was evaluated during each period. Dacron bags (18 x 9 cm; 52-pm pore size) were filled with a 5-g sample of dried forage. Bags were prepared as by Shaver et al. (21) , and each was placed in a mesh net secured to the ruminal cannula via a nylon cord. Duplicate sample bags at each time point were incubated in the ventral rumen of two late lactation ruminally cannulated cows in reverse order for 0, 3, 6, 9, 12, 24, 48, or 72 h and removed simultaneously.
In addition, a standard forage (ALF, maturity 2) was incubated in duplicate for 0, 12, 24, and 48 h in each cow and evaluated for DM disappearance to assess period effects. If DM disappearance of the standard forage varied more than 5% for any incubation, the period was repeated. Zero-hour bags were soaked in tepid water for .5 h prior to the removal of all bags for the period. All bags were immediately immersed in ice water upon removal from the rumen to stop microbial activity. Bags then were washed according to the procedures of Cherney et al.
(3).
Bags were dried at 55°C for 48 h and weighrd, and the remaining DM was determined. Residue was removed from the bags, and duplicates at each time point were composited for chemical analysis.
Bag residue and original forage material were analyzed for DM (l), CP (l), and ADF and NDF according to the method of Goering and Van Soest (4) with modifications by Mertens (9) . Original forage material also was analyzed for lignin (4), ADIN (4), and soluble protein in a borate-phosphate buffer (8).
Residue from 3-, 12-, and 48-h bags were analyzed for RNA by the procedures of Zinn and Owens (33) to estimate bacterial CP contamination. Data for RNA CP were fitted to a linear regression for each forage species at each maturity stage to estimate bacterial CP at each time point. The CP remaining at each time point was then corrected for bacterial CP contamination, and corrected values were used to estimate ruminal CP degradation kinetics.
The DM, CP, and NDF degradation data were analyzed using the NLIN procedures of SAS (19) and fitted to the model of Mertens and Loften (10) .
where FR = DM, CP, or NDF remaining at time = t; P = potentially digested fraction (100 -U) at fractional rate k, k > 0; U = fraction undigested at 72 h; L = discrete lag time; and t = incubation time (hours).
Although lag time was included in the model, estimates were highly correlated with degradation rate and, as a consequence, were not presented or discussed herein. Ruminal availabilities of DM, CP, and NDF were estimated using the equation of NRC (13):
where k , = .06/h, and k, = ruminal passage rate.
= degradation rate,
Cow Care
Two ruminally cannulated Holstein cows housed in metabolic stalls during the in situ study were fed a TMR twice daily (O600 and 1400 h) containing 56.0% ALF silage, 40.0% ear corn, 2.5% soybean meal, .9% mineral supplement, and .6% salt and vitamins of ration DM. Nutrient composition of the ration DM was 15.5% CP, 23.1% ADF, 32.4% NDF, .75 Ca. and .55% P.
Statistical Analysis
Estimates of degradation fractions, degradation rates, and ruminal availabilities of DM, CP, or NDF were analyzed using the general linear models procedure of SAS (19) with the following statistical model:
overall mean of population; average effect of cow i; average effect of forage species j; average effect of maturity stage k; average effect of interaction of forage species j and maturity stage k; and residual error, assumed to be normally, identically, and independently distributed.
All terms were tested using the residual mean square error. Differences because of species, maturity, and species by maturity interaction were significant at P < .05. Period was not included in any model because differences in &gradation of DM of the standard forage (ALF, maturity 2) were 4% across periods.
RESULTS AND DISCUSSION
Chemical composition of the perennial forages harvested at their respective maturities is presented in Table 1 . Nutrient composition of these forages by respective maturity stages was similar to NRC (12) tables of feed composition.
Within legumes, RCL had the lowest CP content and was lower in soluble CP than ALF or BFT across maturities except for maturity 1. Both RCL and BFT were lower in NDF content than ALF at all stages of maturity. Within grasses, PRG averaged 6 percentage units lower in NDF except for maturity 3 OCH. The CP varied across grass species at each maturity, but no clear species pattern was evident.
Although no statistical analysis of forage nutrient composition was conducted, the following trends were apparent. Predictably (12), forage CP declined, and ADF and NDF fractions increased, with advancing maturity. Grass species declined in CP and increased in ADF and NDF fractions more than did legumes. Legumes contained more lignin than grasses. Within grasses and legumes, PRG and RCL were the least lignified, respectively.
In situ DM degradation kinetic parameters of perennial forage species by maturity are presented in Table 2 Species by maturity was significant (P < .01) on fractions, but no on k,j.
perennial ryegrass, QCK = quackgrass, TIM = Timothy.
6Pooled standard error across maturities.
pared RD DM of ALF and RCL at 35.4 and 25.9% NDF. Thus, differences in RD DM were influenced primarily by differences in the ratio of cell solubles to cell walls. The CP content of PRG was similar to that of other grass species ( Table 1) documented (6,27) . In the present study, the RD DM of PRG was similar to that of legumes at all stages of maturity, thus questioning general assumptions (31) that attribute higher RD DM to legumes than to grasses, particularly when PRG is considered.
In contrast to PRG, QCK had markedly lower RD DM than all other forage species. The RD DM content of QCK was 13 to 26 percentage units lower than that of PRG across the three maturity stages. The subcomponents of RD DM, such as the soluble fraction and degradation rate, were generally lower or slower for QCK than other grass species across all three maturities. The precise physiological characteristics of QCK that result in slow DM degradation rates are not easily defined. Data in Table 1 suggest that QCK increased NDF content faster than other grasses and that the fiber was more lignified. Both of these factors negatively correlated with DM digestion (29).
Sheaffer et al. (23) suggested that different genotypes of QCK vary in NDF accumulation and digestibility. The QCK utilized in the present study was native from an unspecified genotype. Therefore, our results may not be representative of all QCK genotypes. In situ CP degradation kinetic parameters of the perennial forage species by maturity are presented in Table 3 . The CP degradation parameters presented in Table 3 were corrected for bacterial CP contamination. No relationship existed between extent of bacterial CP and forage species or maturity stage. Correction for bacterial CP tended to decrease the estimated undegraded CP fraction, but increases were not significant. Furthermore, correction for bacterial CP did not affect degradation rate or RD CP. Species significantly (P < .01) affected all protein fractions and degradation rate. Stage of maturity affected (P < .01) all protein fractions and degradation rate. Species by maturity interactions were significant (P < .01) on all protein fractions, but not for degradation rate.
Within legume species (ALF, BFT, and RCL), RD CP did not differ. These findings are partially supported by results of Nocek and Grant (16), who found minor differences in CP degradation between ALF and RCL harvested as hay or 60 and 40% DM silage. The RCL had a smaller soluble CP fraction than ALF, which is also supported by results of Nocek and Grant (16). The smaller soluble fraction, however, did not lower RD CP; degradation rates were faster in RCL at maturities 1 and 2, resulting in no net difference in RD CP between ALF and RCL. The BFT was similar in RD CP to ALF and RCL; the soluble CP fraction was similar to that of ALF. We can find no other data in the literature to compare with this observation.
The BRM, OCH, and TIM were relatively similar in their change in RD CP across maturities. Differences in RD, slow, and RU fractions and degradation rates were apparent between BRM, OCH, and TIM, but the calculation of CP degradability from these fractions and degradation rates resulted in no clear differences in RD CP among BRM, OCH, and TIM at maturities 1 and 2. The TIM, however, was 9 and 16 percentage units lower in RD CP than was BRM or OCH at maturity 3. This single data point does not provide clear reasons for the faster decline of TIM in RD CP with advancing maturity.
Of the grass species, PRG had the most extensive RD CP at maturities 1 and 2 and the second highest at maturity 3. The higher RD CP of PRG was related to the larger soluble fraction and faster degra&tion rate of the slow fraction than the other forage grasses. High RD CP of PRG was demonstrated by Moseley and Jones (ll), who found that ruminal disappearance of CP was twice as high for PRG than for RCL when PRG and RCL had similar CP contents.
In contrast, QCK had the lowest RD CP at all maturities except for BRM at maturity 1. Why QCK had a lower RD CP than BRM, OCH, or TIM is unclear but may be related to the inclusion of CP in the NDF fraction. The influence of CP in NDF and its effect on RD CP was demonstrated by Janicki and Stallings (5). In their study, OCH at 74.3% NDF contained 43.9% of the CP in the NDF fraction, and ALF at 47.2% NDF contained only 20.2% of CP in the NDF fraction. Estimated RD CP was 7 1.5 and 54.5%. respectively, for ALF and OCH in their study. Results of the present study do not conclusively determine whether the differences in RD CP were due to species differences or to greater incorporation of CP in the NDF fraction.
Our data suggest that species plays a minor role in the variation in forage RD CP. Table 4 lists the correlation coefficients of species, maturity, and chemical components with RD CP. Species was not significantly correlated (r = -.35) with RD CP. The highest correlation (r = 36) to RD CP was with CP. The correlation of RD CP with NDF was similar (r = -.81), which seems to be logical because, as maturity advances, NDF increases, and CP fractions 'Corrected for bacterial contamination.
2Significant effects (P < .01) of species were evident for all fractions and ruminal degradation rate h). M a t u r i t y was significant (P < .01) on fractions and b. Species by maturity was significant (P < .01) on fractions, but not on kd. shift from largely soluble fractions at early maturities to slowly degraded or undegradable fractions at later maturities (Table 3) . If large amounts of the total CP are associated with NDF (5) and NDF degrades relatively slowly, RD CP declines. This analogy suggests that RD CP is associated closely with the NDF and CP contents of perennial forages. Our results also indicate a wide range (11.6 to 51.4%) of RU CP in perennial forages with advancing maturity (Table 3) . Satter (20) suggested that perennial forages are inherently low in RU CP and that diets would require CP supplements high in RU CP to support high milk production. Our data support this idea for early maturity legumes and grasses but not for all perennial forages, especially grasses harvested at later stages of matuSpecifically, a 612-kg cow, producing 36.0 kg of milk with 3.7% fat in early lactation, Protein degradability of perennial forages warrants further investigation, especially because RU CP for perennial forage species from rity. our data set represent only relative differences between forages and not absolute differences, as values calculated from a constant ruminal passage rate of .06/h. Our data suggest that a wide range in forage RU CP content likely exists and should be accounted for in ration formulation.
This concept is further defined and presented in Figure 1 . The percentages of CP remaining in dacron bags, at their respective ruminal incubation times, were averaged for grass and legume species at maturities 1, 2, and 3. The percentages of CP remaining for grass and legume species then were plotted consecutively for maturities 1, 2 and 3. At maturity 1, grass and legume species exhibit nearly identical ruminal CP degradation characteristics. The CP degradation at maturity 2 was less extensive for both grass and legume species, and differences between grass and legume species emerge; grasses were less extensively degraded. By maturity 3, CP degradation of grass was markedly less extensive than that of legume species. Therefore, forage species, ratio of grass to legume, and the relationship of relative maturity must be taken into account to assess forage RU CP adequately.
In situ NDF degradation kinetic parameters of the perennial forage species by maturity are presented in Table 5 . Species affected (P < .01) all fiber degradation fractions and degradation rate. Maturity and species by maturity were significant (P < .01) for all fractions and degradation rate. Legumes generally were higher in undegraded NDF than grasses were. This finding is consistent with that of other reports (22, 0 30); grasses contain more hemicellulose and are less lignified than legumes. Conversely, legumes had faster degradation rates of the slowly degraded NDF than grasses, except for RCL. We cannot explain why RU fraction of RCL NDF was higher and degradation rate slower than that of other legumes. The RCL had an ADF to NDF ratio similar to that of ALF and BFT, and RCL was less lignified ( Table l) , suggesting that degradation of RCL NDF should be similar or slightly faster than that of ALF or BFT. Therefore, we cannot explain the low RD NDF for RCL.
In contrast to RCL, PRG had the highest RD NDF of all perennial forage species at all stages of maturity. These differences were expressed more extensively at maturity stages 1 and 2.
Because PRG is similar to legumes in NDF content, the RD NDF of PRG would logically be similar to that of legumes. This assumption appears to be false; PRG had a low RU fraction and fast degradation rate, which is similar to the other grasses. Also, PRG exhibits the lowest lignification of all species. Consequently, PRG has a relatively low NDF content and a high RD NDF fraction.
The RCL and PRG exhibited the largest species by maturity differences for NDF degradation. Other species (ALF, BFT, BRM, OCH, QCK, and TIM) exhibited some minor species or species by maturity differences for NDF degradation parameters, but no clear trends were apparent. The OCH had slightly higher RD NDF than BRM, QCK, or TIM at all stages of maturity. These differences were the result of faster NDF degradation rates for OCH rather than lower undegraded fractions.
Correlation coefficients of chemical components, species, and maturity with RD NDF are presented in Table 4 . Maturity (r = -.65) had the highest correlation with RD NDF. The NDF had a relatively low correlation (r = -.33) to RD NDF. These data suggest that NDF from different forages has a wide range of NDF degradation characteristics. Although this range may be accurate, these data should be interpreted with caution. First, the data comprise both legumes and grasses, and large differences exist in total NDF content. Comelation coefficients do not account for these broad diversities. Second, all RD NDF were calculated with a constant ruminal passage rate of species by maturity were significant (P < .01) on fractions and on 4.
perennial ryegrass, QCK = quackgrass, TIM = timothy. although legume NDF degradation tends to reach a plateau because grass NDF contains a higher hemicellulose fraction than legumes, which is potentially degradable (29). Although grass and legume species have different ruminal NDF degradation characteristics, maturity did not alter the relationship between legumes and grass species, only the extent of ruminal NDF degradation.
CONCLUSIONS
In this study, we attempted to develop a comparative data set of in situ DM, CP, and NDF degradation parameters for common perennial forage species by stage of maturity. Absolute values from this data set for ration formulation should be used with caution because of inherent errors associated with in situ measurements (15). The relative relationship and the range between forage species and maturities for DM. CP, and NDF degradation are of primary interest. Large differences in RD CP exist between early cut legumes and late cut grass species. These differences may be as large as 35 to 40 percentage units of RU CP expressed as a percentage of total CP. These differences could have a major impact on ration formulation, cattle performance, and feed cost, which is also the case for ruminal NDF degradation.
Forage quality characteristics also are often generalized within genus (e.g., legumes, grasses). Our data suggest that some species of grasses, such as PRG, are more closely characterized with legumes than with grasses when all chemical and kinetic characteristics are considered.
Other perennial forage species such as RCL and QCK have very atypical characteristics of ruminal DM, CP, and NDF degradation parameters that make further general classification of species by genus impractical.
